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1.0 INTRODUCTION 

A dispersion analysis considering 3a uncertainties (or perturba- 
tions) In platform, vehicle, and environmental i-arameters has 
been performed for baseline reference mission (BPwM) 3A. Powered 
Explicit Guidance (PEG) as implemented in SVDS Version 2.3.9 is 
used to develop closed loop steering commands for this dispersion 
analysis. The nominal profile for the dispersion analysis is 
identical to the nominal profile of Reference 1 viith the exception 
that Generalized Linear Tangent (GLT) guidance is used in 
Reference 1. 

This analysis is intended to 

a. determine nominal trajectory differences which result from 
using PEG instead of GLT 

b. develop dispersion data using PEG for comparison with 
similar data developed using GLT guidance (Reference 1). 
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2.0 DISCUSSION 


2.1 Groundrules and Assumptions 

The groundrules describing the Reference 1 ascent trajectory are 
used for this dispersion analysis. In addition, the following 
assumptions are made: 

a. Dispersion analysis simulations are generated using the 
Space Vehicle Dynamics Simulation (SVD6) program operating 
in a three-degree-of-freedom flight simulation mode. 

b. Dispersion analysis results are based on the nominal mis- 
sion for BRM 3A. 

c. Guidance target switchover occurs at a fixed time from 
liftoff for all perturbation simulations. 

d. First stage steering is defined by vehicle attitude as a 
function of relative velocity from the nominal profile. This 
attitude history is used to provide steering commands for all 
perturbation simulations. 

e. The perturbations considered for evaluation in this disper- 
sion analysis are assumed normally distributed about their 
statistical mean. 

f. The perturbations are statistically independent. 

g. The perturbations considered include error sources in guidance 
and propulsion systems, uncertainties in measurements of system 
properties and perturbations in nominal environmental conditions. 
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2.2 General 

2.2.1 Nominal Trajectory Comparison 

In order to evaluate PEG operation in a simulation which includes uncer- 
tainties, a nominal profile must first be developed. PEG 
r'peration in a nominal mode has previously been verified as 
indicated in Reference 2. As a check of nominal performance, the nominal 
trajectory developed using PEG in this analysis is compared to the 
Reference 1 profile which was developed using GLT guidance. 

Comparison data are shown in Table I for main engine cutoff (MECO), 
insertion, and entry interface conditions. Trajectory data (radius, inertial 

velocity, and inertial flight-path angle) and a performance indica- 

\ 

tor (total weight) are included in Table I. The data indicate that 
PEG and GLT guidance perform similarly in a nominal mode (no 
simulated uncertainties). 

2.2.2 Dispersion Simulation Techniques 

A dispersion analysis is based on a nominal trajectory generated 
without including any of the uncertainties. Performance -optimum 
first stage steering commands and second stage guidance inputs are 
determined for the nominal profile. Since perturbations are 
unplanned occurrences, the nominal steering and guidance inputs are 
used in simulating trajectories with perturbations. 

I 

The perturbation simulations in this analysis are determined by 
independently simulating 3o values of the indicated uncertainties. 

That is, a complete trajectory simulation (liftoff to entry inter- 
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face) is developed using only one error source. The dispersion 
results from these Independent simulations are then statistically 
correlated by 1) a root -sum-square (RSS) process and 2) determin- 
ing a covariance matrix indicative of all error sources. 

2.2.3 Error Sources, Symbols and Definitions 

A list of the error sources used in this study and their 3o values 
is given in Table II. Included in Table II are symbols used in the 
RSS data tables to identify dispersions resulting from the error 
sources . 

Figure 1 contains the definition of a local horizontal coordinate 
system (LHS). The RSS data and covariance matrices indicate state 
vector dispersions in the LHS. Since the LHS is determined from 
the nominal state, a different LHS is determined at each instance 
for which RSS or covariance data is required. 

Tables III and IV contain symbols used to identify elements of the 
covariance matrices, a definition of the symbols, and the format 
of the covariance matrices. Although 3a values of the error sources 
are used in the trajectory simulations, state vector dispersions 
are adjusted to a la level for determining the covariance matrices. 

2.2.4 Events and Time Slices for Dispersion Analysis 

RSS and covariance matrix data are presented for several events 
and time slices in this analysis. An event is defined as a fixed 
occurrence (sensed by attaining a given target value) and may have 
a time-from-liftoff dispersion associated with it. A time slice 
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Is Indicative of a fixed time from liftoff. 

The events and time slices for which RSS and covariance matrix 
data are presented are as follows: 

a. Solid Rocket Booster (SRB) Separation (See Tables V-A, V-B) 

b. Main Engine Cutoff (MECO) (See Tables VI-A, VI-B) 

c. Time slice defined as nominal MECO time plus 25 seconds, 

511.3 seconds from liftoff (See Tables VII-A, VII-B) 

d. Insertion (See Tables VIII-A, VlII-B) 

e. Time slice defined as nominal insertion time plus 25 seconds, 

779.4 seconds from liftoff (See Tables IX-A, IX-B) 

f. Time slice defined as 10 seconds prior to the time of nominal 

\ 

de-orbit burn, 3505.6 seconds from liftoff (See Tables X-A, 

X- B) 

g. Time slice defined as end of nominal de-orbit burn plus 
25 seconds, 3623.2 seconds from liftoff (See Tables XI-A, 

XI- B) 

h. Time slice defined as 10 minutes prior to nominal entry 
interface, 3665.3 seconds from liftoff (See Tables XII-A, 

XII- B) 

i. Entry Interface (See Tables XIII-A, XIII-B) 

As previously stated, the UlS in which state vector dispersions 
(RSS data and covariance matrix data) are calculated is determined 
by the nominal state at each of the indicated events and time slices. 
Each event and time slice has its own LHS in which dispersions are 
presented. 


ON No. 1.4-7-21 
Page 6 


2.3 RSS Data 

The RSS techinque is the method used in this analysis to statisti- 
cally combine dispersions in flight parameters to determine the 
3-sigma limits in the significant parameters. In actual vehicle 
flight, there is a 99.73 oercent probability that the value of the 
parameter will be inside the 3-sigma band (the RSS value) if all 
assumptions required for this method are justified. 

Inherent in the RSS method are the assumptions of linearity and 
normality. These assumptions are as follows: 

a. The perturbations are statistically independent; that is, 

the occurrence of one perturbation will not effect the probability 
of a second perturbation. 

b. A perturbation and its associated flight dispersions are 
linearly related. 

The RSS data presented in this report includes dispersions in alti- 
tude, down range and cross range position, and cross range rate 
computed in the LHS. Speed, flight-path angle, altitude rate, time 
and total vehicle weight dispersions are also included in the RSS 
data. The dispersions presented in the RSS data are computed as: 
dispersion = (Actual integrated state of perturbed trajectory) - 
(nominal trajectory state). 

RSS data are presented in Tables V-A through XIII-A for the major 
events and time slices defined in Section 2.2.4. Data are included 
in the tables to indicate parameter dispersions for each individual 
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error source and the RSS combination of the dispersions. As pre- 
viously stated, this study assumes all error sources to be normally 
distributed. Consequently, the RSS data Indicated In Tables V-A 
through XIII-A are computed from the dispersions without regard to 
sign. 

RSS data at SR6 separation (Table V-A) and MECO (Table VI-A) 
contain total vehicle weight dispersions and the resulting penalty 
in terms of orbiter main engine propellant. The propellant varia- 
tions will be used to Indicate whether the cumulative penalty Is 
within the flight performance reserve requirements. 

RSS data Tables VII-A through XIII-A contain orbital maneuvering 
system (QMS) propellant dispersions. 

2.4 Covariance Matrix Data 

The covariance matrix represents a multivariate normal distribution 
of a 6 by 1 vector of dispersions In the actual (integrated) state, 
a 6 by 1 vector of navigated state deviations, and vehicle weight. 

The navigated state deviations represented In the covariance matrix 
are computed as: 

deviation * (perturbed navigated state) - (actual Integrated 
state of perturbed trajectory). 

Table III defines the parameters presented In the covariance matrices 
of this paper. The matrices are expressed in the LHS (UVW coordi- 
nates) defined by the nominal state vector at each event or time 
slice. (See Figure 1.) The covariance matrices are indicative of 
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lo perturbations. Each diagonal eleinent of the matrix (Table IV) 
represents the variance of the associated parameter. For example, 
the element In the second row and second column represents the 
variance of the actual state In the V (or down-range) direction. 
Each off-diagonal eleinent represents the covariance between the 
diagonal elements directly above and directly to the right of It. 
For example, the element In the fourth row and second column repre- 
sents the covariance between the down-range variance and the U varl 
ance. 

The elements of the matrix are symbolically defined In Table IV. 

The matrices are given In Tables V-B through XIII-B, Since a co- 

\ 

variance matrix is symmetrical, only the lower triangle of 'the 
matrices Is given. 

2.5 Exchange Ratios 

An exchange ratio Is defined to be the ratio of a dispersion in a 
given variable to the magnitude of the error source causing the 
dispersion. The use of exchange ratios enables a quick-look assess 
ment of the variations from nominal vihich may be expected to result 
from the application of error sources of various magnitudes. To 
use an exchange ratio, multiply a change in a parameter by its cor- 
responding exchange ratio. This defines the predicted performance 
change at the event or time slice for which the ratio has been 
calculated. 


Table XIV contains exchange ratios indicating space shuttle main 
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engine (SSME) propellant dispersion at MECO for several perfor- 
mance error sources. The exchange ratios are valid for perturba- 
tions only within a specified range. The exchange ratios show a 
sensitivity to an unplanned anomaly; that Is, the trajectory Is 
not optimized for the uncertainties. These exchange ratios may 
be used to predict SSME propellant variations at MECO. 

2.6 RSS Summary Data 

Summary tables of the RSS data are given in Tables XV and XVI. 

Table XV contains the RSS data of Tables V-A through XIII-A. Data 
are presented for each event and time slice indica^ *d In the 
tables. The variations Indicated by Table XV are dispersions 
of the actual (Integrated) perturbed state from the nominal state. 
Table XVI Is the RSS of navigation deviations computed as defined 
In Section 2.4. Data are presented In Table XVI for each event 
and time slice Indicated by Tables V-B through XIII-B. In consider- 
ing the data of Tables XV and XVI, it should be noted that uncer- 
tainties in atmospheric winds and SSME thrust talloff are not 
simulated. These uncertainties are major contributors to position 
errors at SRB separation and MECO, respectively. Results of these 
error sources will be included in the dispersion analysis at a 
later date. 
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2.7 Covariance Matrix Principal Contributors 
Principal error contributors to the covariance matrix at 
MECO and entry Interface are listed In Tables XVII and XVIII, 
respectively. The dispersion data indicate that the largest 
position error occurs In the down range component. At MECO 

the vehicle performance uncertainties are the major contributors 
to down range error, and at entry Interface the major contributors 
are platform errors. 

2.8 Dispersion Result Comparison 

Comparison of dispersion results using PEG (Tables V-A through XIII-A) 
with similar dispersion data developed using GLT guidance indicates 
the following: 

a. PEG simulations have similar dispersions for navigation 
error source simulations 

b. at entry interface, PEG and GLT guidance simulations have 
similar dispersions 

C. at MECO, insertion (first OMS burn), and following the OMS 
deorbit burn, PEG simulations of the performance error sources 
have larger inertial flight-path angle and altitude rate 
dispersions. 

at MECO, insertion and following the OMS deorbit burn, 

PEG simulations of the performance error sources have similar 
cross range and cross range rate dispersions. Comparison of down range 
dispersions indicates an inconsistent variation betv/een PEG and 
GLT guidance error source cases. 
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e. at MECO and insertion (following first CIS burn), PEG 
and GLT guidance simulations have similar main engine and 
OMS propellant differs Ions. 

f. after OMS deorbit burn, PEG simulations Indicate an OMS 
propellant dispersion of nearly twice the GLT guidance simu- 
lations. 

To Investigate the disoerslon differences which are realized for the 
performance error source simulations, the orbiter specific Impulse 
(ISP) uncertainty simulations were Investigated. This data case 
has substantial differences In position and flight-path angle 
dispersions at Insertion and following the OMS deorbit burn. 

A comparison of dispersions in orbital elements for the PEG ^nd 
GLT guidance simulations of orbiter ISP uncertainty is contained 
In Table XIX. The table contains dispersions from the nominal for 
both guidance simulations. The data reveals that at KECO and 
Insertion the PEG simulation has 1) larger orbital dispersions 
(Indicated by dispersions in semi-major axis) and 2) greater true 
anomaly and argument of perigee dispersions. This 1s indicative 
of a larger altitude dispersion and a more dispersed orbit 
orientation following the two guidance maneuvers. 

It Is noted that the first tv/o closed-loop guidance maneuvers of 
these simulations (1- SRD separation tc MECO and 2- orbit Insertion) 
do not constrain orbit orientation. However, the OMS deorb’t burn 
Is sensitive to orbit orientation. Any reorientation of the orbit 
which occurs at MECO or insertion in a simulated uncertainty vjould be 
reflected by an additional OMS propellant dispersion during the second 0!‘S burn. 
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It Is concluded that the larger flight-path angle* altitude* and 
orbiter reorientation dispersio.is at MECO and Insertion of the PEG 
simulations accounts for the increasec^ QMS propellant dispersion 
after the second QMS burn. 


\ 
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3.0 CONCLUSIONS 

Comparison of the data of Tables V-A through XIII-A in this document 
with similar tables in Reference 1 indicate that the PEG and GLT 
guidance simulations have similar dispersion results v/ith respect to 
the RSS combination of dispersion magnitudes. Hov/ever, the difference 
in flight-path angle dispersions and orbit reorientation at MECO and 
insertion for some error source simulations should be investigated. 
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4.0 RECOMMENDATIONS 

Future trajectory simulations in support of Mission Planning and 
Analysis Division (MPAD) are to use PEG for closed loop guidance. 
PEG is the guidance technique being developed by Powered Flight 
Guidance Working Group to simulate the onboard system and will 
Include any future requirements (such as throttling for rendezvous) 
which may be identified, 'me PEG version used in this analysis 
is an updated version of the SVDS 2.3.9 PEG. The Powered Flight 
Guidance group indicates that some recent updates to PEG may 
have corrected the problems indicated in this paper. It is 
recoiranended that a similar dispersion analysis be conducted on 
a later SVDS version at a later date. ^ 
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TABLE I 

Trajectory Comparison Data 


PEG 


MECO: 

Time (Sec) 486.42 

Radius (Ft) 21290378. 

Inertial Velocity (Ft/Sec) 25383. 

Inertial Flight-path 

Angle (Deg) .495 

Total Weight (Lb) 301364. 


Insertion: 

Time (Sec) 754.65 

Radius (Ft) 21328420. 

Inertial Velocity (Ft/Sec) 25753. 

Inertial Flight-path 

Angle (Deg) *251 

Total Weight (Lb) 205269. 


Entry Interface: 

Time (Sec) 4265.34 

Radius (Ft) 21326048. 

Inertial Velocity (Ft/Sec) 25602. 

Inertial Flight-path 

Angle (Deg) -.876 

Total Weight (Lb) 202112. 


GLT 


486.32 

21290399. 

25383. 

.496 

301562. 


754.67 

21327850. 

25754. 

245 

205265. 


4264.11 

21326041. 

25604. 

-.880 

202153. 
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TABLE 11 




ERROR SOURCE DEFINITIONS 


• 

error SoWRCe STttBOLS* 

OCFINITION 

s*sigha values 

units 


Initial platforh hiSalicnnent 

AZ IMUTH 
T ILT tROLL 



PtArrORM *L|MC 

100*000 

00*000 

arc sec 
arc -EC 

ORtfT B|A$ 

free gtro bias 

,0R5 

OEG/HR 

6-scMS |A ORirr 

GTRO input axis acceleration 
SEnSITIFE drift . . 

• 07S 

DEG/MR/5 

6-sc«s sA omrT 

STRO spin axis acceleration 
SENSITIVE drift 

• OTS 

OEG/HR/G 

S.SCMS 0 * OrIFT 

■ 6 tRO output axis acceleration 
SENSITIVE drift 

.07S 

DEG/HR/G 

G-SEMS-S« OrIFT 

otro acceleration sRUAREO 

.075 

De6/HR/6«*2 . 


SENSITIVE ORIFT 



*‘CCCt BIAS 

accelerometer bias 

150*000 

HICRO-S 

"ACCtt SCAtt r*c ^ 

accelerometer scale factor 

120*000 

PPM 

ACCEL lA ALinC 

accelerometer input axis 
misalignment 



« TORARO OA 

- toward sa 

-toward OUTPUT AXIS 
-toward spin axis 

RS*noo 

RS.OOO 

ARC SEC ■ 
ARC SEC 

*CB act 

POS> WEB action time 

R*7I3 

PERCENT 

S ISF 

NEC* SR8 specific IMPULSE 

• >oo 

percent 

s Prop 

« 

NEC* SRB propellant LOADING 

*210 

PERCENT 

s Inert 

POS* SRB INERT weight 

*RSO 

I29TA.230) . .. 

percent 

ILBi 

0 THRST 

NEG* ORBITER THRUST 

6000*000 
( l03V2*O00t 

LB/ENG 
ILB/3 ENGI 

0 IIP — 

NEB* ORBITER SPECIFIC IMPULSE 

2*300 

11*3261 

SCC«i ENG 
ISCC/3 ENGI 

0 Inert 

POS* ORBITER INERT "EIGHT 

• RIO . _ 

percent 



( I2IS.000) 

(LBI 

ET INERT 

POS* external tank Inert weight 

• mo 

1577. nool 

percent 

ILB) 

CT PROP 

NEG* external TANK PROPELLANJ ^ 

loading 

.*•80 

t7R22*NB0l 

PERCENT 

ILBI 

AR FR 

POS* AXIAL FORCE 

ROCKRELL document no. SD- 72 -Sm- 0060-25 
JUMF I97 R. AErODVNAHIC 0 E«IGN DaTA BOOK. 



VOL. It 


e 0RA6 

POS* BASE drag 

ROCKWELL document NO. SO* 72*'SM>0060«-26 
JUNE I97 R. . aerodynamic. DESIGN DATA. BOOK*. 

* Symbols used In Tatfles V-A through XIIl-A. 

VOL* il 



/ 



3 


Let R. be the InertlaV position vector and Vj be the Inertial 
velocity Jector. The L.IS coordinaU system is defined by the 
following three vector equations. 

;= (S, K X X x^i 

1 ^ ^ 

w « u X V 


«™,ee 1 - Loc^ Horizontal Coordinate System 
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TABLE III 
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Covariance Matrix Parameter Definition 


State Vector 


Component 

Definition 

Units 

U ACT 
V ACT 
W ACT 

Actual state vector position component 
dispersions in the Local Horizontal 
Coordinate System (LHS) 

FT 

U-DOT ACT 
V-DOT ACT 
W-DOT ACT 

Actual state vector velocity component 
dispersions in the LHS 

FT/SEC 

U NAV 
V NAV 
W NAV 

Navigated state vector position 
component deviations in a LHS* 

FT 

U-DOT NAV 
V-DOT NAV 
W-DOT NAV 

Navigated state vector velocity 
component deviations in a LHS* 

FT/SEC 

WT 

Vehicle weight 

LB 


* The navigated state has its own LHS developed from the nominal 
navigated state vectors similar to the actual state LHS development. 
Navigated state vector deviations are computed as: 

deviation * (perturbed navigated state) - (actual Integrated state 

of perturbed trajectory) 


' DDUCliilUTY (JF Tlil 
.T.<M PAGE IS POOR 


TABLE IV 

Covariance Matrix Format 


U ACT 

< 






V ACT 







W ACT 







I’-OOT ACT 







^ 1 

V-DOT ACi 

0 0, 0 vl « 

U V V V 

0 0, 

V V 

0.0. 
U V 




W-DOT ACT 

00. 00, 
u W U W 

0 0, 

y V 

0.0 . 
U V 

0.0. 0? 


. 

U NAV 


0 0 , 

¥ U* 

0.0 , 
u u' 

®*®U' 



V JIAV 


0 o 1 

V V* 

U V 

®y%‘ ‘’w*w 

« 


W NAV 

Vv* 

0 C 1 
V y* 

0.0 , 
U w' 




U-DOT NAV 

Vv "v°u* 

0 Ovi 

y u 

0 .o 
u u 

Va* 

®u'®a' 

®y®u* 

V-OOT NAV 

JO,,' 0 0,f 

''u >• V 

0 a , , 
V v’ 

0^0^ • 




W-OOT NAV 

0 0 • § 
U V* V w* 

0 0.. 
V v’ 

0^,0 

O.OoA 0«0«g 

y w* V •» 

®U*®V' 

a 

WT 


0 0 

V 


0,0 0.0, 





-1 



• . 


• 



®a*%' 

"i- 



®a*®v' 


•J. 







Ilotes: 


a. Unpriired syntols represent actual (integrated) state vector errors 

b. Princd symbols represent rravl gallon state vector error. 

c. Vl^ represents total vehicle weight error. 


>: 



I 
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TABLE V-A 


UINCAR error analysis 





R$S DATA AT SRB 

separation ieventi 







ALTITUDE. 

bOHN RAmGE 

CROSS RANGE . . 

speed 

Flight path 

altitude 

CROSS Range.. 

tine 

height 

_sshC Prop 


FT 

FT 

FT 

FP5 

angle-oeg 

RATE-FpS 

RATE-FpS 

SEC 

L8 

L8 

PLATrORN ALInE 









. 

— 

azimuTh 

1 • 

39. 

I3S. 

1 .0 

-,oos 

tO 

3.7 

.0 

o. 

0* 

TILT 

*«fc. 

-BOt 

23. 

• • 6 

.020 

1.2 

• 3 

.0 

0. 

Ot 

ROLL 

-1 • 

-28t 

-9R. 

• •** 

.002 

-.0 

-1 tS 

.0 

Ot 

- 0-- 

DRIFT BIAS 











% 

0> 

1 * 

2. 

.0 

-.000 

• 0 

• I 

.0 

Ot 

Ot 

T 


•3 • 

1 . 

•»o 

.001 

1 1 

• 0 

.0 

Ot 

- 0.- 

1 

Ctm 

• 1 • 


••0 

tOOO 

-.0 

♦ * f 

.0 

Ot 

- Ot 

G'SCNS lA drift 











A 

0* 

2t 

6 • 

. 1 

■ -.cco 

tO 

• 2 

• 0 

0. 

-Ot _ 

Y 

n « 

n. 

0. 

.0 

.000 

.0 


« 0 

• . Ot 

Ot 

z 

Ot 

-It 

-2. 

•.0 

.000 

-tO 

-.1 

.0 

Ot 

Ot 

6-SCNS SA drift 











X 

n . 

o . 

0. 1. 

.0 

.000 

.0 -- 

tO 

* D 

Ot 

Ot 

T 

St 

•2. 

1 . 

-.0 

.002 

. 1 

• 0 

.0 

Ot 

Ot 

‘ z 

•Ot 

•2t 

♦ 8 • 

•tO 

.000 

-.0 

-t2 

.0 

Ot 

Ot 

6>SCNS Oa 9R|Ft 










■ ' 

O * 

Ot 

It 

2. 

tO 

-.000 

*0 

. t 

.0 

. Ot 

Ot 

= T 

6t 

-Bt 

2. 

•• I 

.003 

.2 

.0 

.0 

Ot 

Ot 

Z 2 

Ot 

0. 

0. 

.0 

.000 

*0 

• 0 

.0 

Ot 

- Ot_ 

? G>SEnS>So orift^ 











•• X 

Ot 

Ot 

0. 

.0 
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• •0 

-«0 

*0 

• 0 

• 2 

S*2 

• 0 

-I >S 

.1 

••0 

-S.s 

• 1 

-.0 

. 1 

2.0 

.0 

- » c 

• 0 

-.0 

-> .0 

-• 1 

1.0 

2*1 

.9 

• s 
*1 

• h 

• 1 

. 1 

-2.7 

- • 3 

3.S 

-9.0 

-.9 

-.0 

1.9 . 

.3 - 

,9 

. 7 

*1 

• 2 

-.7 

• • 2 

-2.1 

♦ 7 

0 7 

.2 

• 0 

• 2 

.2 

11*0 

.2*1 

m 


.7 

.002 

,0 

20.6 

•0 

- 5 . 

• 5 . 

- 9*1 

.012 

5.3 

••0 

• *0 

13 * 

13 * 

-.1 

-.000 

-.1 

- 2.6 

• •0 

I * 

— 

.1 

.000 

• 0 

1.5 

.0 

- 0 . 

• 0 * 

-.6 

.003 

1.9 

-.0 

-.0 

1 * 

_ 1 *^ 

• • 0 

-,oco 


• •3 . 

... -.0 

0 * 

0 * 

• 1 

.000 

• 0 

2.3 

• 0 

• 0 * 

_- 0 * 

.0 

-.000 


• 0 - 


0 * 

0 * 

• .0 

-.000 

-* 1 

-.9 

••0 

0 * 

0 * 

• 0 

-, P00 



-.0 

_ 0 . 

_ 6 * 

• I . 1 

,007 

3.1 

••1 

-.0 

1 * 

1 * 

-.0 

-.000 

•* 1 

• 5 

» sO 

0 * 

0 * 



-399. 

-903. 


9 ]« 3 . 


- 399 . 
-9O3 . 


9390. 


i 

f 

TABLE VI-B i 

t 

COVARMNCt matrix I 

AT MCCO I 




0 ACT 

V 

ACT 


3,9612599*05 


act 


-k. 337891 1 *05 

2.3927995*08 

act 


5,7699978*09 

9.8839633*09 

SOT 

ACT 

2,0939293*03 

■ -2.6160170*05 

CCT 

ACT 

-7,3725571.02 

3.5912519.03 

C3T 

ACT 

2. 7339779.92 

7,7*07783.02 

AAV 


-3. *697550*05 

1 ,77 15989*05 

'.A V 


2,0607347*05 

-3*0912919*05 

AAV 


-5.7501655*09 

-9,9139221 *09 

CCT 

N AV 

•2,28(9676*03 

1 * 13 Cr 3 -' 23*03 

COT 

•*»» 

7 ,5096695*02 

-1 .1903232*03 

COT 

h*¥ 

•2,8252007*02 

■ -5, 1 1 2 1 9 1 2*02 



6,9369039*03 

1.9205327*07 



V hAV 

R NA V 


V •<A» 3,J97TS23»c5 

• AAV 6,3<«038 I »»0V 2.2A2I M3*0A 

V-CCT MAy -I . J-»#nA5*»C3 3,AB6|V32*02 

V»SCT MAy va2«c3 9. I 3B a t os *02 

■ -COT MAV J»- >1 3i**C2„ I »I*0JA7>,09 

■ T U 3|**09 2.97A73S3-.01 


• ACT 


2.2S2|3«2«06 
2 ,SeatlSi*S 2 
3.S730T’9*C2 
I .0"»0«T65*I)9 
«S.7Vyy|7l*C9 
•6.C279392*09 
• 2 . 25 7 I ?>5 I .56 
•3»9793'*C7*^2 
“9»l2A?a9»*32 
-I . I5762ve*09 
*2*2S23BB5*03 


u-oor NAv 


i .377|52 SaO| 
.S66<I999«30 
! .7 |»7022iOO 
3«'>23I9TV«01 


U-DOT ACT 


3.5 I 99*88*32 
-7 ,5093798*00 
) .5692959*00 
-2. I 353*83*03 
1 .16207 16*03 
-2.69 t 6977*02 
-I . 27 j 6 957 *0| 

9 ,39 q 9B33*00 
-I .38|69S2*00 
-J .60650*0*09 


V-OOT NAV 


9,9a99786*0C 

2.Jao9929.0'j 

«l.i982939*r/: 


V-t>OT ACT . . - *-5>0T ACT U MAV 


9.3977875*00 
I .8j23099*00 
7.3965360*02 

-I • I 7982 I 2*03 
-3,5615306*02 
9. 7*996 «i «,00 
•9,9009290*00 
-1.9729109*00 
•5.8057975*00 


5.92923*1*01 
-2.7222921*02 
-3. 1565189*02 
• 1 .0939399*Q» 
-1.69 |9V*9*00 
- 2 . 1596073*00 
•5.755CI 18*01 

I .9263092*02 


3.9789127*05 

•2.06889* t *95 
5.8052726*99 

2.2A78899*03 

•7.5398789*02 

2.837356**02 

7.9|*23|2«03 


«-C’oT NAV *T 


6.1226202*01 

I .2925399*01 


I .*260129*06' 


1 


TABLE VII-A 

linear error analysis 

RSS DATA AT slt>3 SEC (NOniNAL MtCQ * 2S SECI 


..altitude.. 

FT 


.DOWN RAN6E_.CR0SS RANOE 
FT FT 


speed 

FPS 


Flight path 
anGle-ueo 


AUT ITUoE CROSS RANGE.. 

rate-fps rate-fps 


-BEIGHT-. CHS PRC 

lb lb 


platform aline 

A z I P J T M 
’ I LT 
A CLL 

DRIFT B I AS“" 

X 

Y 

Z . 

G-SEnS 1a drift 

X . 

Y 

z 

G-SENS SA DRIFT 


If* 

•1078« 


G-SENS DA DRIFT 

T 

Z 

6-SENSLS0'0R|rf 


aCCEL bias 

X 


ACCEL scale FAC 


ACCEL lA ALIN 
-toward CA 


-TONAPP SA 
X 
Y 

z 

•I2l0* 

2S. 

I • 

722 

13 

PERFORF 'NCE 
WEB ACT 

-S2S . 

-7YOS9 

S ISP 


-19730 

S PROP 

. . -12. 

-S135 

s inert 

- l5# 

-R979 

0 thrSt 

-BSq. 

•62SS2 

0 ISP 

3s. 

1 1 yro 

0 INERT 

-32. 

-69m 

ET Inert 

- 1 5. 

-3283 

ET PROP 

3Gh . 

H2I I A 

aerodynamic 



AX FR 
S DRAG 

• 1 M • 

• 2q » 

-6 177 
-7381 


U25S5 












r» 


C 


*- c 

se 

►d 


SO 




I 

I 

ro 


T3 

Qt 

lO 

fD 


U ACT 

V act 

« ACT 
U-DOT ACT 
V-OOT ACT 
W-OOT ACT 
U NAV 

V NAV 
« NAV 
U-OOT N*V 
V-OOT NAV 
«-00T N*V 
NT 


V NAV_ _ 
N NAV 
U-OOT NAV 
VnOOT N»V 
W-DOT NAV 
nT 


TASLE VI I -B 


COVANlANCe matrix 



AT 

NONInAI. MECO ♦ 25 

SEC 




U ACT 

V ACT 

N ACT 

u-dot act 

V-OOT ACT 

__W-DoT ACT 

U WAV 

6«20<>3B09a0S 
1 ,2o 79S27^07 
7,531 3O7A*0H 
1 ,2M6e6&6>0‘* 
B,7 jh 127***02 
3,3ei9776+02 
5 .CoH9822*OS 
2,6i7U59*05 
7,&m70596*oh 
2,5763H9|-03 
B,937V2o9ao2 
3. 2735223*02 
H , 37**507 1*03 

1 .M0763Se«09 
5,538 17 J 6^0H 
■-1,7 12239HA06 

H, 0965702*03 
5,S715H>4S*02 
3,35 1 h778*0S 

-2»333h5684Q5 

-8.5941736*0M 

I, 7755761*03 
-7 ,65smJH6*02 

■■-3.7995H72*02 

-9,3335318*05 

2 .8270822*06 
<! .0086 1 97*02 
3,8866538*02 
1 ,2|57 I08*0>< 
-7 .59825o8*0‘( 
-7,7308727*08 
-2.851 3816*06 
-8 ,0759083*02 
-8 ,5 1 63580*02 
-1 ,2918686*08 
9,0508826*02 

2.0960321*03 
-6 . 1785638*00 
1 .9372103*00 
-2.5528802*03 
1 . 1 828092*03 
-3.8815893*02 
-1 .3392750*01 
3.9382109*00 
- 1 .5583756*00 
1.3398335*03 

8,5989783*00 
1,7386111*00 
8,8682283*02 
-1,3838290*03 
- 3 * 938 1 398' 02 
5, 0877291 ,00 
-8,6328311 *00 
-1 ,8986530*00 
-2*7530967*00 

5.3393128*01 
-3.1818115*02 
-3.5596173*02 
- 1 .2268095*08 
-1.7 |5i998*00 
-2.0783962*00 
-5.6705302*01 
3.7078898*01 

5*0568279*05 
.2*6876S8l *05 
7,6820677*08 
2,6068239*03 
-9.0800598*02 
3,3155302*02' 
2*1606720*01 

V nav 

9, 1005197*05 
7,7952672*0'4 
•1 ,5o53055*03 
1 ,372’323*03 
3,7m‘.70v9*02 
) .287*8h5*02 

W NAV 

U-OOT nav 

v-pot nav 

W-OOT NAv 

WT 


2,8760202*06 
H,I018**97*02 
N ,55808 15*02 
1 ,3032765*0'! 
"3,8228986*01 

I .3901888*01 
-5,1505290*00 
1 .7953821*00 
■ 8,5081828-02 

8,7853328*00 
2. 1987 135*00 

6*0387291*01 .. 
-5,6968618-02 



6.8706265-02 

" 1.6802887*05 



- TABLE VI II-A 
linear ERffOR analysis 
RSS data at insertion (EVENT) 



■■“Ft 

FT 

FT 

ATFCRM Al 1 NE 




A 2 JN(.’Tm 

38 | . 

2 S 6 S. 

9282 . 

tilt 

22 Y| . 

- 2821 . 

6 • 

ROLL 

-s». 

9 ». 

- 1653 , 

ift bias 




X 

is. 

2 N| . 

606 . 

T 

sia. 

-H 05 . 

• 6 • 

2 

-Is. 

. ... - 9 H. 

. . _ - 1 M 6 , 

SENS lA drift 




X 

zs. 

322 . 

9 S 0 , 

Y 

- 12 . 

-MS . _ 


2 

-I 3 » 

6 S. 

- 239 . 

SENS SA drift , 




X 

- 6 . 

-M 8 . 


T 

1 | 07 . 

• 5 6 6 « 

• 1 ^ • 

2 

-ie» 

- 6 |. 

- 30 H« 

SENS OA drift 




X 

52 . 

862 , 

I 27 S. 

Y 

78 *t. 

- 628 * 

• 6 • 

2 

1 * 

- 22 . 

3 • 


speed 

EPS 


fLI^MT path 
ANOlE-OEO 


ALTITUoE 

RATE-FpS 


CROSS RaNSE 

rate-fps 


BCIGhT.. 

LB 


C-SENS-50 DRIFT' 


•r 1 

• 2o . 
-7* 

-67. 

M. 

• fN. 

CM 

1 

•Ij ACCEL BIAS 

1 X 

-l|9s. 

MSM8 . 

1 Y 

ro T 

M7. 

638. .. 

1128 

“ 2 

-79| , 

-19036. 

Ml 

-a ACCEL SCALE FAC 

{S' X 

-621 , 

M3M. 

tz 

Y 

-5. 


« 6 

?. z 

-7«2. 

-2255. 

MM 

ro ACCEL |A aline 




-j -TOWARD OA 
X 

9. 

-2M . 

0 

Y 

96. 

663. 

23lB 

2 

-751 . 

9M, 

m3 

•TORArD SA 

X 

-2m6S. 

1730. 

MO 

Y 

52. 

-10. 

1237 

2 

- 1 * 

-77. 

-0 


perforhance 
aEB act 
S tsp 
S PROP 
S inert 
0 THRST 
0 15 P 

0 Inert 

ET Inert 

ET PROP 

AEROO’NAH I C _ 
" A* FR 
B DRAG 


•320MI . 
• I06NO . 
,- 2 *< 0 ‘«. 
-23«0. 

289 - 30 . 
-7701 . 
3J5M4 . 

- 1ST . 
• I | 3A0 * 


- 2R2I . 
-3626 . 


.5 

.003 

• 9 

IB.O 

*1 

- 3 . 

- 3 . 

- 5.M 

.006 

M.7 

-*0 

• 0 

• 0 . 

- 3 . 

-.0 

-.000 

-•1 

- 2 . 1 

.0 

•0 • 

— ^ 3 » 

. 1 

.000 

.0 

1 ,M 

.0 

- 0 . 

- 0 . 

-I .0 

,002 

1.3 

-.0 

.0 


_-s. 

f 0 

-,000 

« A 1 



0 . 

0 * 

. 1 

.000 

.1 

2.0 

.0 

- 0 . 

_- 3 . 

.0 

-.000 


• n 

-.0 . 

• 0 . 

0 « 

• 0 

-.000 

-. 1 

-.3 

• 0 

- 0 . 

- 0 . 

«0 

-.000 



. . -.0 . 

0 . .. 

“ o ; 

- 2.0 

.005 

2.9 

-» 1 

.0 

•0 • 

•G t 

-.0 

-.000 

-»l 

-»M 

-.0 

0 . 

0 . 

. 1 

.000 

. 1 

3 . 1 

• 0 

■ • t • 

•i * 

» t • & 

.003 

1 .a 

- *0 

.0 

- 0 . 

- 3 . 

-.0 

.000 

*0 

.0 

-.0 

0 . 

0 . 

-.0 

,000 

.0 

• 8*0 

* • 0 

0 . 

0 . 

.0 

-.000 

.-•1 

• 1 0 

••0 

0 . 

_ 0. 

••0 

-.000 

•*o 

-.M 

.0 

. ••0 •- 

- 0 . 

1 .5 

-.005 

- 2.M 

.0 

.2 

• 


• 1 

.000 

m t 

2.7 

.0 

• 1 * 


- 2,7 “ 

-.006 

- J.7 

. 1 


27 . 

27 . 

,7 

-.003 

- 1 * M 

• n 

-.0 _ . 

n - 

"■ 0 , 

.0 

-.000 

-.0 

-.0 

••0 

0 . 

0 . 

• 2.2 

-.007 

- 2*0 

. } 

-.1 

1 . 

1 . 

-.0 

.000 

*0 

• 0 

“•2 

0 . 

0 . 

. . 1 

.001 

*2 

M.5 

.0 

- 1 . 


• 1 • 1 . 

-.006 

- 1.9 

.0 

.0 

• 1 A 

»l • 

2.9 

-.oil 

-5 . M 

. 1 

-.0 

-1 . 

- - 1 . 

.0 

.000 

• 1 

1 .5 

-.0 

0 . 

c. 

-.0 

-.000 

■ -.0 

••0 

-*o 

0 * 

0 . 

• 6 

-.003 

- 1.3 

-.0 

i.e 

- 2 , 

- 2 . 

- 1.0 

,005 

2.3 

.5 

.M 

7 . 

7 . 

-.3 

.001 

.7 

.2 

i 1 

I • 

i . 

- . 3 

.OO) 

• 6 

• 1 

.1 

1 . 

1 . 

I .M 

-.007 

- 3.3 

1 

3.6 

- 2 . 

- 2 . 

1 .9 

-.009 

- M.5 

- 1.0 


1 . 

t . 

- .7 

.002 

1.5 

,M 

l » 6 . 

... 1168 , 

__ - M7 . 

- . 3 

.002 

• 6 

.2 

. 1 

2 . 

2 . 

.3 

-.002 

• * 8 

-.3 

1 

M 

• 

-1 . 

-1 . 

-.3 

,002 

• 8 

.2 

... 

" 2 . 

2, 

-.M 

.002 

.9 

.2 

.2 

2. 

2 . 


** S20 . 


61116 . 


)00l6. 





TABLE VIII-B 

covariance matrix 

AT INSERTION 


U ACT 

V ACT 

«• act 
U-LCT ACT 

V-OOT ACi 

r-oot act 

NAV 

V N AV 
ir NAV 
U-OOT NAv 
V-ODT NAV 
R-OOT NAv 
WT 


u ACT 

2.2697275*04 
‘4,3*»<(93t I *05 
*».Sh 7532I *05 
*l.3i l5‘4t,8*03 
•2.e7000S*<*03 
I .03391 ;a*0i 
•2,0'<3I 168*06 
I . 28 I 8759*04 
• 2 j 4736*CS 

►5.7ii92|9*03 
2.5h99s26*o3 
.8.4515592*02' 

4.0001 897*09 


9.1502208*08 
3.9 1408 [5*04 
■H .9807 123*05 
I . 1 96039 I *0*» 
/•9ai0209*03 
3.8209918*05 
“9,983369 I *04 
“3.1323599*04 
I .2l5n831*03 
•I ,0049075*09 
•4,9375759*03 
9.2801 178*04 


I * I 1 94931*07 
•2,5893323*03 
5,9988008*02 
2.1958510*09 
•9,5 4 *'9 3 92 *05 
•2,5452479*05 
•1,1449490*07 
•1.2313780*03 
•5,5542459*02 
•2*3283695*09 
8,2o9ol 42*33 


U-DOT NAV 


¥ NAV 2.0757097*04 

^ R nAV 2.4030885*05 1.2223739*07 

y-DCT nAv »9. 2289909*03 1.2750333*03 

V-OO" NAv 3,9258361*03 5.6288507*02 

ir-DOT NAV 5.4063463*02 _ 2.9939442*09 

■«T ' ; 3,8752985*03' 9.2949942*03 


I ,7989799*01 
8.3953509*00 
2.9987986*00 
9.3239981*00 



U'OOT ACT 


V-OoT ACT 


w-oot act 


6,0992919*02 
•1.81 20919*01 
•5.4774990*00 

•9.2836389*03 

4 ,499990’*03 
2.3927271*03 
•I .2092795*01 
1.9915101*01 
5.0178471*00 
•5.0394829*03 


7.8009249*00 
9.3707415-OT 
2.5677084*03 . 
•3,T3835«3*03 
•4.4421 152*02 
7.4982799*00 
•7.2610208*00 
• I .3893963*00 
•7.8527920*01 


9.1444705*01 

•8»682c032*02 
•5,2291907*02 
•2,29401 12*09 
•2,3928872*00 
•1,131 1972*00 
•9,6183195*01 

9,0294989*01 


2,1603977*04. 
•1 ,904381 1 *06 
9,7239491 *05 
6. I 1 7980T*03 
•2.79«0429*03 
9,2997I5«*C2 
1 ,4536299*03 


V-OoT. flAV 


N-DoT NAV 


7,6291091*00 

1.2212373*00 9,9239498*01 . , 

9.0591779*00 8.3929185*00 1,5|59439*05 


TABLE IX-A 

LINEAR ERROR ANALYSIS 

RSS data AT 779. M SEC |NOM|nAl INSERTION ♦ 2S SEC> 


.altitude 

FT 


OONN range 
FT 


CROSS range 
FT 


speed 

FPS 


Flight path 
angle-olg 


altitude 

rate-fps 


CROSS Range 
rate-fps 


»Ei gkT 
LB 


OHS PROP 
LB 


AZ 1 HUTh 

90o. 

189. 

tilt 

2356. 

-3057, 

ROLL 

-65, 

-95. 

DRIFT BIAS 

Is. 

20. 

X 

T 

5*«i. 

-975, 


9721 • 

S. 

' 1703 » 


G'SEns ia drift 

* • 

Y 

2 

GoSENS SA DRIFT 

X 

T 

z 

6>SENS Oft DN1FT_ 

X • 

s z 

=T G-SENS-S0~0Rirr‘ 
o X 
!. T 

z 

r" ACCEL BIAS 
X 

• _y 

r 2 

ACCEL scale FAC 

X 

T 

z 

^ ACCEL I* ALINIL_ 
,°;"-TOPAftC Oa ' 


^_Z 

\0 .toward $A 
X 
Y 

z 

•“PERFORHANCE" 
pEB act 

S I SP 

s prop 
s inert 


1 - 7 ^*- 

1 I AO» 
-l9. 


•I 2A*t . 

- i*'- 

- 720 . 


_?BS I »_ 

-s« 

-aS 9 » 


*2583 » 
SA. 

-I . 


0 TmrSt 

-I9l8. 

0 I5»* 

-1 1 79, 

0 inert 

332. 

E T Inert 

I’S. 

et prop 

- 1 0 . 

AEROOYnAhIC 


A K f h 

1’7. 

6 D^AG 

22a. 


- - 2 . 

- 939 . 

• 5 . 


38 ; 
• 603. 

• I . 


1058. 
_ 16 .. 
-323. 


1350. 
— 7 . 
3. 


-R. 

— I . 

..t283. 


.5 

.003 

1.2 

17.6 

5.5 

.006 

2.7 

- » 0 

-.0 

-.000 

-.2 

-2.0 

. 1 

.000 

• 0 

1.9 

1.0 

.002 

1 *0 

• . 0 

.0 

_ . -.000 

- .-.1 . 

-.2 

. 1 

.000 

. • I 

2.0 

.0 

-.000 

- - -»0 

.0 

.0 

-.000 

-•1 

-.3 

-•0 

-.000 

• 0 _ 

-.0 

>2.1 

.005 

2.2 

-.1 

.0 

-.000 

1 

-.9 

.1 

' .000 

.2 

3 . 0 

A ^ • 6 

.003 

1.3 

-.0 

-.0 

.000 

,0 

• 0 

”.0 

.000 

• 0 

-.0 

.0 

-.000 

-•I 

-.0 

-.0 

-.000 

-•0. 

-.9 

1,6 

-.005 

-2.1 

• .0 

* 1 

.000 

* 1 

2.7 

.2,7 

-.006 

*2#8 

* 1 

.7 

-.003 

• 1 • t 

.0 

" .0 

-.000 

“•0 

-.0 

>2.1 

-.006 

-3.3 

• 1 


1937, 
13 . 
- 1 . 


•79A39. 
>20170. 
-52A6. 
-5 103." 
•63Y39, 
12S9H. 
-7“53. 
-3 2R. 
M2979, 


-6325. 

-7553. 


0 . 

2926. 

- 9**, 


-IS. 

199, 

95. 

“ 91 . 

— 26 . 
-294. 
_ 102. 
h7, 
-7R. 


• 0 . 1 

* 2 *-i ; 


.0 

0. 

0. 

*0 

-I • 


*0 

-1 ■ 

• 1 • 

• 0 

-1 . 

_ri t-J 

.0 

0. 

2* ' 

*0 

0. 

0 . 1 

1 

.0 

-2. 

• ’ ’-2.” 

.0 

7. 

_ 7, . 

tO 

1 . 

1 . 

.0 

1 *' 

1* • 

.0 

•2 • 

-2. 1 

.0 

t • 

. I._l 

*0 

U68.. 

-97 • 1 

!o 

2. 

2* 

.0 


•1 • 

.0 

2. 


.0 

2« 

2* i 

^ . 

• 0 

1 168. 

! s** 


• 

. 


RSS • 


I 19082. 


10987. 


V 
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TABLE X-A 

linear error analysis 

R:,S data at 350S.6 SEC (10 SEC PRIOR ’'0 EnO OF NOMINAL COAST) 



ALT 1 TOOE 

.DOWN range 

CROSS range 

speed 

Flight path 

AL7ITU0C 

CROSS Range 

TIME 

weight ^ 

OMS PROP 


ft 

FT ■ 

FT 

FPS 

angle-deg 

RATE-Fps 

RATE-FpS 

SEC 

LB 

LB 

1 

1 

9t A r rORH Al t mT 










1 

AZIMUTn 

ZB^e • 

-12289, 

-I I209, 

-2,S 

-,003 

1 .2 

->6.| 

.0 

-3. 

-3. 

T ILT 

- t I “’6 * 

1 I SSH 

2 # 

1 1 .0 

-, 00 s 

2 • 6 

.0 

.0 


•0» 

ROLL 

•3 1 6» 


1875, 

,3 

,000 

-.2 

1 .8 

.0 

•0# 

_-0* - 

DRIFT BIAS 










i 

X 

2ST. 

-853, 

-756, 

-,2 

-,oco 

. 1 

•1*3 

.0 

-0 « 

“2* 1 

T 

•)B>3« 

-R72, 

6 • 


-,002 

.9 

•0 . 

• 0 



2 


3fl 1 , 


.0 

,000 

-•I. 

.2 

.0 

Q * 

9* 1 

(J-SENS lA ORIFf 











1 • 

3‘‘e. 

-1251 , 

-1166, 

-.3 

-.000 . 

• I 

-1.8 

.. 0 

•0# 


T 

1 H . 

95- 

-2. - 

-.0 

'.000 .. .. 

- - . 0 

-.0 - 

.0 

- 0. 

0. 

z 

3< 

219. 

269, 

-.0 

.000 

-* 1 

• 3 

.0 

-0. 

• 0» 

O-SENS sa drift 





. 






X 

•7 • 

9ft. 

l2. 

.0 

,000 

-••0- 

. - .0 • 

.0. 

- 0. 

0. 

V 

-3s*2 . 

-22*1. 

23, 

3.6 

-.cos 

2.2 

.0 

.0 

-0. 

•9 • 

z 

1 • 

RIH. 

3S9, 

.0 

.000 

-• 1 

. H 

.0 

0. 

0 . 

«>SENS Oa drift 










— 


633* 

-2372. 

- 160 S. 

-.6 

-.000 

•2 

-2.8 - 

.0 

-I . • 

- 1 . 

T 

.292r. 

3M 1 , 

8, 

2,9 

-.002 

1 .2 

.0 

• 0 

-0. 

•c • 

z 

« 1 R . 

30. 

-N. 

.0 

-.000 

• 0 

• • 0 

.0 

0. 

__0»- 

S-$ENS-50^ DRIFT 











X 

•22. 


*«. 

,0 

-.000 

*0 

.0 

.0 

0. 

0. 

Y 

33. 

157, 

1 * 

-.0 

.000 

1 

.0 

.0 

0. 

_ 0. 

2 

•**9. 

260. 

3l6« 

.0 

.000 

... • f 0 

• 3 

.0. 

•0 • 

•0* 

ACCEL BIAS 











X 

I7Ra, 

7068, 

-23 , 

-2 , 0 

,00H 

-2.1 

* • 1 0 

• 0 

■-•6 • 

6 • . 

T 

R 3 n . 

-I 6H3. 

-1S|9. 

-,s 

-.000 


-7.5 

. .0 

' --1 . 

-t— — • 1 • 

2 

• 1 133s « 

397SS, 

-50. 

9,8 

.007 

• 2.8 

-. 1 

.0 

27. 

27. 

ACCEL scale FAC 











X 

*2 1 • 

7353. 

-l3. 

-.3 

.003., 

1 » 3 . 

• 0 

-0 

0. 

C . 

T 

1 . 

73, 

7, ~ 

-.0 

.000 

••0 

.0 

.0 

0 . 

0 . 

z 

•9S?8. 

37Sf ft. 

-51 . 

8,1 

.009 

-3.S 

-• t 

.0 

t. 

1 . 

ACCEL lA aline 











-TCRARD oa 











A 

I I . 

-67, 

• 1 • 

-.0 

-.000 

•0 

-.0 

.0 

0 . 

0 . 

Y 

725 , 

-3078 , 

-2800. 

* • 6 

-.001 

• 3 

-s .0 

.0 

-I . 

-I . . 

i 

-S9I7. 

2667s , 

-S6 , 

5,0 

.007 

.- 2»e 

• • Q 

.0 

• 1 • 

-1 . 

•TOAARO sa 











X 

2a27. 

17088 . 

• h6 • 

• 3 • 2 

.010 

•*♦.7 

-. 1 

.0 

-1 . 

-1 »_ 

T 

2 ^ 3 . 

- I2M0 . 

- 1H03 . 

-.2 

-.000 

. 1 

- 1.3 

,0 

0 . 

0 . 

z 

•2 2 * 

6 6b 

0 , 

.0 

.000 

-.0 

*0 

• 0 

0 . 

0 * 

PEPFCRRAnCE 

’ ^ ■ 










».EB ACT 

till. 

-76750, 

1 2 • 

- 1,3 

.003 

-1.5 

• 0 

• 0 

•2 ♦. 

• 2 * 

S ISP 

- 17 P 3 . 

-2S78S, 

-IB7 , 

1,8 

-,00S 

2*1 

-.5 

.0 

7 • 

7 t 

s 

-s’3 . 

-666S . 


,5 

,.-.001 

• 6 

• # 1 

.0 

1 • 

1 . 

S r- L R T 

-s9s , 

-63M9, 

-5H, 

,S 

• -.001 

• 6 

• • \ 

.0 

1. 

1 . 

0 T^-pSt 

27‘*S. 

-55378, 

S'*. 

-3,0 

,007 

-3.6 

. 1 

.0 

-2. 

•2 • 

C ISP 

30*3. 

21629, 

38 1 • 

-3,2 

.008 

-3.9 

1 .0 

.0 

t • 

- -l* ' 

0 1 

« ^ 2 «4 a 

-9S22, 

-132. 

.7 

-.002 

. . . . a . 

• • 3 

.0 

1168. 

•47 • 

t T ! •- £ « T 

- 5 H 5 . 

-h966. 

• 6 J # 

.6 

-.00) 

.7 

-.2 

.0 

2. 

2 . 

ET PROP 

2Ss . 

H3927, 

96. 

-,3 

.001 

•• 4 

.2 

. 0 

-t . 

• 1 • 

AEooD''*, Amjc 











AA Fa 

-S33 . 

- 7939 , 

^ 6 S B 

« 6 

-.001 

• 7 

-.2 

.0 

2. 

2. 

B C F A 5 

• 6 3 6 • 

-9S07, 

-7S, 

.7 

-.002 

.8 

-.2 

.0 

2 • 

2, 

R5S - 

21207 . 

129H55. 

12080 , 

r .5 

.023 

10. M 

17. S 

.0 

1 16B. 

1 

1 

• 







TABLE X-B 

covariance matrix 

AT to SEC PRIOR ENO Of NOMINAL COAST 





U Act 

V ACT 

, * ACT 

U-DoT ACT 

V-OoT. ACT - 

W-OoT ACT . 

U NAV 

o 

U ACT 


S.03H?I03*0T 








V ACT 


m\ ,292SZ30*0a 

t ,8620776*09 







ft ACT 


-3.82732S2*06 

i ,e9&9l6| *07 

1 .8219802*07 





z 

y-coT 

ACT 

t ,& o9325O*0S 

•2,1 702231*06 

-2.0930995*09 

2.5397297*03 




o 

V-OOT 

ACT 

-‘♦,SlNA3l| *0H 

1 .0929310*05 

3,101 3721*03 

-1.2359597*02 

9.0892026*01 



* 

R-COT 

ACT 

-S . 3vB 8 n 8 t *03 

2,9076986*09 

2,3295990*09 

-3.2196979*01 

9.3|99259*0Q 

3.3570837*01 



• VJ N A V 


-S ,B936Vn7*07 

t , 1689606*08 

3,8379783*06 

-1 .3380503*05 

9.31911 80*09 

„ 5.8917333*03 , 

9.9287825*07 

. 

V NAV 


i.isS2voa*ba 

“9,8880890*08 

-1 .7523933*07 

5.2838737*05 

-9 . 3n 1 8853*09 

-2.5999767*09 

•1 • 1 1 79185*08 

• 

» NAV 


■♦.232 8 829 *08 

-1 , 779^296*07 

-1 .7076356*07 

1,921 5598*09 

-3*9950889.03 

-2*9983302*06 

-9.0233897*08 


u-dot 

NAV 

-1 .3|0’I35*0S 

5,2599699*05 

1 .8739099*09 

-5.7|57907*02 

1 .0629193*02 

2.7239923*01 

1.2886703*05 

p 

V-COT 

N *V 

N.3i9M5S2*o*< 

-9.5689767*09 

-3.1297267*03 

1 , 1065085*02 

-3*8883959*01 

.9.8|3o6S3*00 

-9*9116811*09 


R*OOT 

N Ay 

6, 3893138*03 

-2*6582283*09 

-2.5309273*09 

2,8718869*01 

-5.2877607*00 

-3*8519898*01 

-8.0739891*03 


nr 

• 

• t .l9ee273*0S 

-1 *1053661*06 

-1 .29583 15*09 

1 .2259875*03 

1 .2797690*02 

-3*6299599*01 

3*9788888*09 

fi} 



V Nav 

W NAV 

U-OOT NAV 

V-OOT NAV 

«-00T NAV 

NT 

■ 

o 

V NAV 


R.E6t03l3*0S 





• 


t ^ 

' * NAV 


1 .6323026*07 

i ,6017682*07 







U-DOT 

NAV 

»S.2|6776N*05 

-1 .9597703*09 

5.83 1 t 758*02 





UJ 

V-OOT 

NA V 

9,0823693*0^ 

3,2839837*03 

-1 *0606730*02 

3,9871822*01 


* 


r\j 

A-OOT 

NAV 

2,732eeiN*0H 

2,6736212*09 

-2.9256906*01 

9,9699270*00 

. 3.9992225*01 




• r 


•1.2209701*05 

-5. 1582616*03 

1*3378969*02 

-2.9389482*01 

-7.5599810*00 

).5159839*0& 



TABLE XI -A 


linear error analysis 


; ~ 
1 



RSS'OATA at 3623 

•2 SEC (END OF 

NOMINAL 

Oe-ORBIT burn 


altitude 

DOWN range cross range 

SPEtO 

flight PATH 

1 


ft 

ft 

FT 

FPS 

anglc-oeg 


platform ai,1nE 







AZ 1 NUTn 

2aB2« 

-1 2921 . 

-13121 . 

1 

-.001 


T ILT 

-I 1 TR*! . 

1RS66. 

1 . 

1 1 .7 

-.005 


ROLL 

-2»J. 

1 Ata, 

2062. 

.2 

.000 


ORirr BIAS 







X 

2R2. 

-912. 

-910, 

-.2 

-.000 


V 


9. 

|0. 

2.1 

-.003 


z 

•2q • 

30H . 

.189, 

♦0 

.000 . 


G'SCNS lA DR|»T 



-1386, 


-.001 


X 

32s* 

-1329. 

-.2 


T 

1 e 

90. 


. -.0 

.•QOO 


z 

7. 

217. 

297, 

-.0 

.000 


G>scNS sa oRirr 





. 


X 

-a • 

99. 

15, _ 


-.000 .. 


T 

• 38 5 5 • 

-1301 . 

20. 

R.3 

-.007 


i 

• HA. 

H25. 

389. 

.0 

.000 


G'SCNS OA ORiri 






, XT 

A . 

5’3» 

-251 1 , 

-1961. 

-.1 

-.001 

, O 

T 

• 3 0 6 5 • 

1 toa. 

1 1 . 

3.2 

-.003 

4 

2 

• 2q. 

35. 

-M. 

.0 

-.000 

- 

g-sens-So oriTt 






? • 

A 

•2 1 • 

22. 

6. 

.0 

.000 

\ ^ 

T 

36* 

IR7. 

i • 

• .0 

.000 


z 

• hs. 

270. 

359. 

.0 

_ . . ,000 

1-^0 

accel bias 



-27. 




X 

2I2S« 

6553. 

-3.1 

.010 

i 

Y 

. HOR. 

-17M3. 

_-l7|H. . 

-.3 

-.001 - 

i ^ 

z 

-|07V7. 

•12267. 

- 59 , 

9.1 

.013 

; ^ 

ACCEL scale FAC 





,002 .. 


& 

ICQ. 

7301 . 

-I**. . 

..-.1 

4 

T 

i • 

73. 

7. 

.0 

-.000 

OJ 

z 

-9053. 

39731 . 

• 5 7* 

7.7 

,009 

OJ 

ACCEL 1* aline 







-TORAHD OA 







X 

>0. 

-69, 

- 1 . 

-.0 

-.000 


f 

A 7^ . 

- 3237 . 

-3279. 

-.5 

-.001 


z 

-558,. 

_ 26011. 

-18. 

1.7 

.006 


-TOA*RO SA 







X 

3|5:. 

17055. 

-5S. 

-R.! 

.010 


T 

23r. 

-1296, 

-1513, 

-.2 

-.000 


z 

-22. 

91 , 

9 . 

.0 

-.000 


RERFORf*ANCC 







aeb act 

1 1 5q. 

-76736 . 

•V 

-.7 

-.001 


5 ISP 

• 1 b ^ 6 • 

-2R273. 

-198, 

.1 

.009 


S PRCP 

-hSr . 

-6522, 

* 6 1 • 

.0 

.002 

i 

S ! '■ L >' T 

•M 53 . 

-6203 , 

• 5 • 

.0 

,003 ' 

< 

C T-f* S T 

2652. 

-55506, 

30. 

-.7 

-.0C9 

1 

0 ISP 

26 2 6* 

20736 , 

397 . 

-.2 

-.015 

1 

C INEPT 

-507. 

-6972, 

-136, 

.0 

.003 

j 

E T inert 

- 505 . 

-1806. 

-61. 

.0 

,003 


ET PSCP 

iTr. 

13503, 

99, 

.3 

-.001 

1 

i 

AEp 0 Dtna>^ jc 






1 

AX FR 

•*•89, 

-7779, 

-66 . 

.0 

,003 


5 AG 

• & 8 2 • 

-9217, 

- 79 , 

.0 

.003 

1 








RSS • 

20956. 

130975. 

(1133. 

19.2 

.032 


♦ 25 SeC» 


i 


TUoE 

CROSS Range 

tihe - 

•eight 

_ OMS PROP 

-Fes 

rate-fps 

SEC 

LB 

LB 

1*8 

-16.2 

,0 

-2. 

-2. 

2.1 

.0 

.0 

10. 

10. 

*2 

1.1 

.0 

•0. 

-•0.- 

-.2 

•1.3 

.0 

1 . 

1 . 

1 .2 

.0 

.0 

1 . 

1 • - 

^ 0 


tO 

n . 

o« 1 

-•3 

-1 »9 

.b 

0. 

0. . 

• 0 

.n 

.0 

fi. 

fl • 

• b 

.2 

.0 

-0. 

•0. 


- n 

_ .0 

n. 

“0.- 

3.0 

. 1 

.0 

10. 

1C. * 

*0 

.3 

.0 

0. 

0. 

-.1 

• 3.2 • 

•5 

•0* 

-0. 1 

1*1 

.0 

.0 

1 . 

1. 

-•0 

• 0 

.0 

0. 

— 0. 

*0 

• 0 

.0 

-0. 

-0. 

.0 

-.0 

.0 

c» 

— C • - ^ 

* 0 


.0 

n. 

n. 

1.2 

-.1 

.0 

.•31 . 

-31.. ' 


• 7 « a 

-n 


— Q. 

5.9 

-• 1 

.0 

21 • 

21. ^ 

• 9 


.0 .. 

2 . 

_ 2^" 

-.0 

•.0 

.0 

0. 

’ 0* 

3.8 

-.1 

.0 

. 1. 

1. 





1 

••0 

.0 

•5 

0. 

0. 

-«s 

•1,0 

.0 

0. 

_ 0., 


« ■ 1 

.0 

2. 

2. 

1.6 

-. 1 

.0 

-7, 

f 

-.2 

-1 . 1 

.0 

0. 

0 • ! 

-.0 

.0 

.0 

0. 

0* 

1 *0 

• •0 

.0 

16. 

16,' 

3.1 

•2 

.0 

• 35. 

-35, 

.9 

• 1 

.0 

-1C. 

-10. 

.9 

. 1 

.0 

-10. 

-10. 

5.0 

-.0 

,0 

50. 

53. 

5.5 

-.5 

.0 

63. 

- -J 

. 1 - 

• 2 

.0 

1135, 

-80. ”1 

I *0 

. 1 

.0 

-11. 

•II. 

-.7 

-» 1 

.0 

9, 

9, 

1 .0 

. 1 

.0 

-II. 

-It. 

1.3 

• t 

.0 

-13. 

-13. 






3.8 

17.1 

.0 

1139. 

130. ^ 


DN Ho 


TA 2 LF XI -B 

COV A*? l ANCt «ATR t X 

AT CNO Of NOMINAL Dt-OR15lT BURN ♦ 2& SEC 


U ACT _ V ACT 


« ACT 


U'Dot act 


V-OoT ACT W-OoT ACT U WAV _ 


U ACT 

V ACT 

N act 

U*OOT 
y-OOT 
•t-OOT 
u NA V 

V s A V 
n N AV 

U“OOT 

y-DOT 

II-3C3T 

• T 



9,6795512*07 


-1 ,3565675*08 


-9 ,2399859.06 

ACT 

l.5o298i|.OS 

act 

-9,2*39266*09 

ACT 

-5,7372359*03 


-9 ,7226 166*07 

- 

1 . l930197»08 


9,63*97m9*06 

NAV 

-1 .33759*2*05 

NA V 

9 ,2905293*09 

N*V 

5.2912297*03 


-8.65279*2*09 


I « 9040 SSMa 09 
Z.299SH9 J >07 
-2. I 99S296*06 
\ .CC’ 7376 * 0 S 
2 . 30 S 8729 A 0 H 
J . 2 15 1595*06 
-5*‘ti‘i7077-»08 
-r* 1073633*07 
5* 800069 6 *05 
-9,89929 16*09 
-2 •9953159*09 
-I • I 9 1 7S82*C6 


2*219937 1 •♦07 
-2.M655077*09 
3*3oi 3707*03 
2.7 1 99559*09 
9.2273636*06 
-2*1576053*07 
•2. 3252909*07 
2.2950803*09 
-3.3076399*03 
-2.561 3006*09 
-» .090 j 976*09 


2.5597227*03 
- I . I 696993*02 
-2.3059121*01 
-I ,39|n359*05 
5 . 7539020*05 
2.2725572*09 
-6. 1636376*02 
J , 1967183*02 
2 . 5928375*01 
1.^357908*03 


3.9923787*01 
9. 17655] 9'»on 
9.323779 s*Q 9 
-9.9c8927i*a9 
-3.96 153 Ba*03 
1.0735969*02 
-3.9523855*01 
-3.9502378*00 
6.3389003*01 


3 . 3688191*01 

5.2238399*03 
-2.9208975*09 
-2.8553469*09 
2.7905572*01 
-9.1083597*00 
-3. 1919609*01 
1 . 8893295*01 


9 »« 09098 A *07 

•1*1688319*08 
- 9 * 9129907*06 
I .3 1 69795*05 
-9.3389779*09 
~ •9.9902958*03 
6.26l£0«2*09 


-D 

CU 


V nav 

y« NAV 

U-OOT NAV 

O 

V NAv 

5,3970596*08 




» NAV 

2.29*1128*07 

2.9397778*07 ' 



V-OOT NAv 

-5, 75*0905*05 

-2.3696999*09 

6.1608918*02 


V-O&T NAv 

9,3832365*09 

3.9560517*03 

-1 .0715973*02 


•-dot NAv 

2.iO969p9*09 

2.7108197*09 

-2.6717798*01 


■ »T • 

-9,79966|8*09 

-2.5631159*03 

1.1781390*02 


V-POT MAV W»OoT NA» »T 


3.9689077*01 

3.9217123*00 , 3.0278810*01 

-5.9970129*01 -2.9202^39*00 l.9929>89*05 


I)N Mo 


linear error analysis 

RSS DATA at 366S.3 SEC CIO RIN PRIOR TO NOMINAL ENTRY INTERPACCI 


PLATFCRN AUINE . 
a2 I NU Th 
TILT 
ROLL 



^ ACCEL scale fAC 

, — * 


o-i_ACCEL I* ALINCL 

-TOftARO Oa 
X 
T 

2 


>0 
6Ss 
»Sn ?5 


T 1 TUdE. 

OOBN RANGE. 

CROSS range 

speed 

Flight 

Ft 

FT 

FT 

FPS 

angle 

~ 2 AOa ^ 

-i 3 1 3S.” 

-13786. 

-2.0 

* • 1 

I > B3 1 . 

15SM2. 

6 • 

1 1 ,9 

• • 1 

-28 m. 

16M2. 

21 l9. 

,2 

, 1 

23} . 

-933. 

-969. 

r»2 

• m ' 

•1982. 

1 9m . 

1 1 . 

2,1 


• 1 9 . 

3Q&._ 

197. 

,0 


313. 

-135m. 

-IM69. 

-.2 


1 9 • 

SB. 

. •Zt 

-.0 

• 1 

9. 

216. 

30*. 

-,0 


-B • 

103. 

1 6 , _ . 

,0 

-.1 

-397 7 . 

-92 1 . 

30. 

9.S 

• • 1 

-"5. 

R29. 

MOt . 

,0 

« 1 


-2SS8. 

-2092. 

-,M 

m , ' 

-3122. 

>399. 

i 2 • 


* • 

« 1 9 • 

3 6 • 

-9. 

,0 


-2l. 

23. 

A • 

,0 



Imm. 

1 • 

-.0 


-**3,. 

27M. 

.365, 

*0 


23 10* 

6293. 

-29, 

-3.7 


39., , 

-I77S. 

-18lM. 

-,3 

« . 1 

10SS2. 

R3U0* 

• 6^ • 

e.8 

^ 1 

1 3&* 

7277 . 


-,9 


0. 

73. 

7, 

-•0 

* •' 

• 

•tO*»B2. 

-61, 

7.S 

• 1 


altitude 

RATE-F PS 


- 69 . 

-3290. 

28R7Mt 


- 1 • 
•3R9S. 

-51, 


-.0 

-.5 

*«.S 


>.000 

>.001 

.006 


-I 


CROSS RAN6C. 
RATE-rPS 


•IS.R 

*0 

1*3 


TIHC 

SEC 


height 

LB 


OHS PROP 
L8 


.0 

*s 

,0 


•1*2 

*0 

.2 


>1.8 
. *0 

*2 


,0 
, I 
• 3 


> 3*0 
• 0 
*0 


*0 

.0 


,.o 

.0 

.0 


. 0 . 

.0 

.0 


• 0 

.0 

.0 


.0 

-»0 

„*3 


-.1 

.*2.3 

-. I 


_-.o 
-.0 
-. I 


.0 

.0 

-. 0 . 

.0 

. 0 . 

.0 

. 0 . 

.0 

.0 


• 0 

o.a 

-. I . 


-2 

10 

-o 


0 

. 0 

-0 


0 

10 

0 


-0 

0 


-0 

0 

_ 0 


OS 
. 0 
21 


- 2 . 

10 . 

_- 0 . 


0 . 

_ 0 . 

- 0 . 


0 . 

10 . 

0> 


- 0 . 

9. 

„0.. 

•>0 . 

. 0. 

0. 


Ol. 

-c. 

21 . 


2* 

0 . 

•*. 


0 . 

o._ 

2 . 


-TORArO sA 
X 

3336 

T 

227 

2 

-23 

perfos-akce ' 



rEB act 

I 1 36 

S 1 5» 

-1 m 28 

5 PR :R 

-mOm 

" 5 : E R T 

--07 

0 Thu S T 

2« 1-9 

0 ! 5- 

2 SbS 

C r<£RT 

-523 

E T ; L 3 T 

•Mbs 

E T P M C P 

’6 

aCmOOtnA- ic 


A A F 3 

-m37 

a DRAG 

-S 2 o 


RSS ■ 2077m. 


16713. 

-59, 

— 9.3 

• OlO 

-131m. 

-tS66. 

-.2 

-.000 

93. 

0. 

,0 

-.000 

•76802, 

I3. 

— , 6 

-.001 

-2" 192. 

-188, 

-, I 

.009 

_ -6M98 , 

-S«. _ . 

-«o 

.002 

-6183. 

-S3 . 

-,o 

,002 

-556M6 . 

36. 

-.S 

-.009 

20591 , 

376 . 

. 1 

-.019 

_ -e9M2, 

-12’* . 

-,1 

,003 

-M783, 

— 6 1 , 

*.a 

,003 

M3M93, 

9M, 

. M 

-,0DM 

-77Sm, 

-65. 

-.0 

.003 

-9188. 

-7M. , 

-.1 

.003 


9.5 

I 

.0 

-7, 

_-7,_ 

-,2 

-1,0 

.0 

0. 

0* 1 

-,0 

*0 

.0 

0, 

0* 1 

— 



— 

— - 

I 

-»3 

-•0 

*0 

16, 

. ■ 16, 

9*1 

,3 

,0 

-3S, 

_*3S, 

1 , 1 


.0 

-10, 

-12. 

1 . 1 

. _ * ^ 

.0 

-10, 

' -10. 1 

-3,9 

-,o 

.0 

so. 

52. 

-6,6 

-*s 

.0 

63, 

6 3, 

1 * S 

. 7 _ 

.0 

-1135, 

-63 . 

1 *2 

• 1 

.0 

-II. 

-1 1 , 

-1,9 

-, 1 

.0 

9, 

9, 

1 ,2 

. 1 

,0 

-11. 

-II. ■ 

1 >S 

, 1 

.0 

-13. 

-13, 


13173S. 1M6M3. |9.2 .032 lR.<t l&.A .0 1139. >33. 


’ti;PHOl)UClBILl'l’Y OF THE 
:UHNAL PAGE IS POOR 



lNTE)»f*CC 

U-OOT ACT W-DOT ACT B-OqT ACT \) «*AV 


2.se<4&iS4«0) 
I . I A0V268»02 
2.2q1 /.888*0J 
I .3»9JSIS*05 

S >^568 1 63»OS 
2.*'li**l82*CH 
6.3?9232|a02 

1. IA?1*i9V402 

2. **hS|882*OI 
I .**267|H7403 


3*B992IA4*0I 

3.753«50h*00 

8.27C375|«0'* 

-9 . 3967 J I 7*0<t 
-3.9*07*1 1*03 
I.O*sn9o.02 
•3.9090988*01 
-3.SS93179.00 
6*00ISS3t*C) 


3.09SS788.0I 

9.8n298|i».ij3 9.7SJ 922S.0** 

• 2»S29*978*09 -1 . 1 8923m3*>: 

-2.S37*35C*09 -9.S00e9}«»; 

2.89022‘0»OI 1.329%l72*r: 

•3. 7393S98.00 _ -9. 27*5099.09 

•2*8*8*189.01 .9 .*093*28*03 

1*9989190*01 *.2«2339S*09 


V-OOT NAV «-OoT NA» WT 


3.90993*0*01 

3.SS|7*3**00 2.7o*72SO*OI 

S.89|*939.0J -2.7s|7*V*00 


1.9929789*oS”' 


T r~ 


TA3LE XIII-A 

LlhCAR ERROR ANALTSiS 
RSS DATA Af ENTRV |^TER^ACE (EVENT! 


AUT JTVOE. 


.OOltN range 
FT 


CROSS range 
FT 


spego 

FPS 


fuiGht patn 

ANGlE*0C^6 


altitude 

rate»Fps 


CROSS Range 
rate-eps 


TlHt 

SEC 


•EIGHT 

LB 


OHS PROP 
lb 


AI 1 »*uTH 

|42| . 

•IS*«6| . 

• 1 3 6 S ^ • 

• • 6 

-.009 

-1 >8 

r j L T 

• 1 06 • 

2f 1 •*». 

30. 

|0.8 

.oil 

• 1 • 8 

RSLL 

•iSj . 

2022. 

230*. 

' . 1 

.001 

• 2 

sr:ft bias 



* * 

■■ 


-.000 


X 

1 07 « 

-1223, 


-.0 

-•2 

T 

• 222| . 

J362. 

1 ^ • 

2.5 

,001 

-1 • 1 

i ... 


123. 

.. 25?. 

- -.0 

,000 

.0 — 

G.StNS lA ORJFT 



-20?2. 




X 

t S; • 

-1*9 5, 


• -»3 

T 

29. 

80. 

-0. 

*.o 

.000 

• 0 

■» 

2t. 

211. 

333. 

-.0 

.000 

•0 

5-!;E*^S SA 0»|FT 





.000 

* 

X 

-I 1 . 

-nanr. 

56. 

27. 

.0 

. -*0 

T 

9 230. 

SI. 

5.3 

.002 

-2.8 

i 

-2*1. 

••33. 

?52. 

.0 

.000 

•0 

G-SEnS Oa ORIET 





-.001 


X • 

~ J0*» . 

-302?. 

-3252. 

-.1 


y 

-32 1 3 • 

S2«?, 

2N. 

3.9 

.002 

-l«2 

i 

-1 6. 

12?. 

-2. 

• 0 

.000 

• 0 

G-SCNS»Se CR|ET 

• 


|5. 


.000 


X 

•I 2* 

117. 

.0 

•0 

T 

37. 

1 ?* 

-0. 

-.0 

..000 

•0 

7 

-2j. 

9 11. 

-?23. 

_ .0 

.000 

*0 - — 

ACCEL BIAS 





.coo 


X 

3717. 

I7?0. 

-53. 

-5,9 

?»3 

T 

i B I • 

-20*5. 

•2*9 1 . 

r.o 

-.001 

- • • 4 - ■ - 

2 

-G23a. 

5|*59. 

-107. 

3,7 

.018 

♦ • 1 

ACCEL scale EAC 







X 

96<i . 

*11?. 

-1?. 

-.8 . 

, - - .001. 

, ? _ „ 

T 

0 

-2 . 

-1 . 

.0 

-.000 

-.0 

i 

-5718. 

?7?5?. 

-105. 

3.8 

.013 

9.2 

ACCEL |A aline 







•TCaaro oa 





.000 


X 

1 0* 

-70. 

0 • 

-.0 

-•0 

T 

3A3. 

-367*. 

-971 


-.001 

-*5 

2 

• 3 ^ w H • 

322?5. 

-70. 

2.1 

.00? 

„ .. 2.8 

»T0RAr9 s« 



-?3. 


.000 


X 

R768. 

lOSflS. 

• ^ ♦ I 

?»3 

T 

1 1 6 • 

- 1 56 3 . 

-1728. 

-.0 

-.005 

-*2 

i 

-25. 

*5-. 

1 . 

.c 

.000 

-»o 

PCRFcrhascE 





-.002 


aEB act 

•7 . 

-?8, 

2. 

.? 

-•3 

s : s» 

•s . 

97, 

1 . 

.1.8 

,033 

9.0 

S P-»C R 

-If. 

1 S6. 

0. 

-.5 

, .coi 

. . 1 »l 

s 

• I 1 • 

■ ■■ ui. ■ 

1 . 

' -.5 

,COI 

1 • 1 

c t-><st 

3 • 


0. 

2.5 

-.005 

-3.9 

3 ; i* 

I 0 • 

-85, 

1 . 

3.1 

- ,r06 

-6.5 

0 i '-e ' T 

9 B 

-SC . 

-0. 

-.7 

.CCI 

1.5 

IT Lot 



1 * 

-.5 

.roi 

1*2 

t T “ ' 3 R 

-N 1 9 • 

153. 

2. 

• 6 

-.001 

-1.8 

A 1 r i 

y ^ 

■ -39 , 

1 • 

• b6 

.001 

1.2 

p : » * i 

0. 

B . 

-0. 

-.7 

.001 

1 .5 

»ss - 

t AaGq . 

85718. 

2026N . 

1 * .? 

.028 

M.3 


• 0 
>.l 
.0 


10 . 

"O. 


I >A 


>.o 

*0 

>.Q. 


«.0 


I * 
R* 

0.- 


c • 


-2i 

I0< 

-•0< 


_3._ 


.0 

-0. ' 

0. 

-0. 

or 

-.0 

10. 

13. 

-.0 

0. 

0. 

-.0 

• 0» 

-0, 

-.0 

9t 

9, 

.0 

0. 

0.- 

.0 


•0 * 

• • 0 

0- 

_ 0,_ 

.0 

Q. 

c • 

.0 

•y\ * 

•31 • 

-.0 


•a. 

• tO 

21 • 

21. 

-.o 

9 . 

2.' 

-.0 

0. 

■ 0. 

-.0 

9. 

9. 

• 0 

0* 

3. 

-.0 

0* 

_ 3. 

-.0 

2. 

2. 

.0 

-7. 

-7, 

-.0 

0. 

0. 

-.0 

0. 

a. 

3.0 

I «. . 

i o • 

1 .0 

-35. 

-35. 

. .3 

-!P, 

-»3. 

.2 

-10. 

-1C. 

2.2 

55. 

SO. 

-• * 0 

*3. 

_ *3. 

.9 

1135. 

. -80. 

.2 

-n • 

-1 1 • 

-1.7 

?. 

?. 

,3 

-11 , “ 

-II. 

.? 

-13. 

-13, 

9,? 

113?. 

I3C. 


DN No 


TABLE XII I-B 
COVAHIANCE matrix 
AT entry interface 





*- 


I 


■a 

a> 

la 

o 


CO 

CO 




U ACT 

V ACT 

W ACT 

U ACT 


3.091 9770*07 



V ACT 


-1,1 991925*08 

8. (690392*08 


• ACT 


-3.9(51 193*06 

3*6(5325( *07 

9,5623729*07 

U-DOT 

ACT 

1 .2058887*05 

-8 .686379 ( .05 

-3.8762099*09 

V-DOT 

ACT 

-2,7 1 23995*09 

6.7563369.09 

9.0869520*02 

• -00T 

ACT 

-1 .6206 1 9 1 *02 

1 . 1506199*03 

1 .7253982*03 

U NAV 


-3.0909983*07 

1 . I 965206*08 

3.91 15371*0 6 

V NAV 

* 

■ 1 . 1 523329*08 

-6.2529(93*08 

-3 .6382705*07 

W N A V 


3.9(36682*06 

- 3 . 61 99506*07 

•9 .5aO3?20*O7 

U-DOT 

.Av 

-1.19963(5*05 

6 .79678 93*05 

3 • 7 2 9 7 2 8 9 ♦ C 9 

V-OOT 

A V 

2.5?56168*09 

-6.6163731*09 

-1 , 2379-7 90*03 

A-CCT 

NAV 

-2.7695669 *01 

‘ 6.356 1 126*02 

~ 1.0175426*03 



-5.3271 1 72*09 

1 .7259890*05 

3.5029719*03 

• 


V nav 

W NAV 

U-OOT NAV 

V NAV 


8,3959760*08 



K NAV 


3 . 6373799*07 

9,5582822*07 


U-DOT 

NAV 

-8,8968539*05 

-3.92677 1 2*09 

9.9902922*02 

V-DOT 

N*V 

6,7862867*09 

1 .2367006*03 

-6.9199925*01 

■ -DOT 

NAV 

-6.8m721q5*02 

-1.0175259*03 

7 .“7952 I 8-0 1 

9tT 


'- 1 ,7860786*05 

-3.51981 13*03 

1*8397881*02 


U-OOT ACT 


V-DoT ACT W-OqT ACT 1 


9 . 2 A 33 fl 26*02 
-7,2o38262*0| 

-e.9nb3063-Cl 
- 1 • 2o5 1 729*05 
b, 7 Bon 319*05 
3.S7626M5*0s 
-9.3A2999%*02 
7 .0652627*0 I 
-7 .M390095-0I 
-I .*(833966*02 


2.9212038*01 
'• 3 .g 233 ‘<eB- 0 l 
2. 7 I I 79 1 I *0** 

-6.70953 1 7*Q9 
-9.0770507*02 
6.8129013*01 
-2.5215601*01 
-2*293101 1-02 
I .3(66629*01 


2 . 9797909-01 
I • 6 I 97 I 8 3*02 
-I . 1609060*03 
-1.2239618*03 


1 - 2h3c032*O0 
- 9 . 9250819-02 
-7.2.193963-02 
2.2227907*0! 


V-OOT NAV 


W-OoT NAV *T 


2.3869585*01 

1.7095703-02 1.0807202-01.- 

-9 .7m267Q0*01 5.92870-79-02 1.9m297B9*05 


U.. nav 


3.0895207*07 
• I . I 5 1 6537*08 
-3 . 9 1 029 1 7*06 
1 . 1989080*05 
-2.5950217*09 
2 . 7562660*0 I 
5.3262829*09 
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TABLE XIV 

Exchange Ratio at Nominal KECO 


Parameter VAried A ET Propellant 

A Parameter 


Web Action Time (constant ISP) 

-763. 

\h/% 

SRB Vacuum ISP (constant w) 

2190. 

Ib/X 

SRB Propellant Loading 

1386. 

lb/% 

SRB Inert Weight 

-.10 

Ib/lb 

Orbiter Thrust (constant ISP) 

.06 

Ib/lb* ** 

Orbiter ISP (constant w) 

1090. 

Ib/sec* 

Orbiter Inert Weight 

-.93 

Ib/lb 

External Tank Inert Weight 

-.93 

Ib/lb 

External Tank Propellant Loading 

.07 

Ib/lb 


* Trade factor based on total system thrust variation (LB/3 EKG). 

** Trade factor based on total system ISP variation (SEC/3 EllG). 



DN No. 



i 

TABLE XV - RSS SUMMARY DATA (Actual Perturbed State > Nominal State) 




ALTITUDE 

FT 

DOWN RANGE 
FT 

CROSS RANGE 
FT 

SPEED 

FPS 

FLIGHT PATH 
ANGLE-DEG 

ALTITUDE 

RATE-FPS 

CROSS 

RANGE 

RATE-FPS 

TIME 

SEC 

WEIGHT 

LB. 

SSHE PROP 
LB . 

OMS PROP 
LB 

SRB SEPARATION 

2120. 

4955, 

5601. 

55.4 

.613 

48.3 

17.1 

5.6 

20732. 

2C475. 

- 

MECO 

1888. 

45919. 

4502. 

6.2 

.025 

11.0 

22.1 

4.6 

4163. 

4348. 

- 

rfOMINAL MECO 
+ 25 SEC 

2363. 

■ 1U555. 

5044. 

6.5 

.026 

11.0 

21.9 

.0 

1215. 

- 

0. 

INSERTION 

A52C. 

61116. 

10016. 

8.3 

.023 

11.3 

19.4 

5.0 

1168. 

- 

56. 

NOMINAL INSERTION 
♦ 25 SEC 

4051, 

114082. 

10487. 

8.5 

.023 

10.5 

19.0 

.0 

1168. 

- 

56. 

10 SEC PRIOR TO 
Erio OF NOMIflAL 
COAST 

21287, 

129455. 

12080. 

19.5 

.023 

10.4 

17.4 

.0 

1168. 

• 

56. 

END OF NOMINAL 
DE-CRBIT B'JRN 
♦ 25 SEC 

20956. 

130975. 

14133. 

19.2 

.032 

13.8 

•17.4 

.0 

1139. 


130. 

10 "IN PRIOR TO 
NOMINAL ENTRY 
INTERFACE 

20774. 

131731. 

14843. 

19.2 

.032 

14.4 

16.6 

.0 

1139. 

• 

130. 

ENTRY INTERFACE 

16630. 

85718. 

20264. 

16.9 

.028 

14.3 

1.6 

4.4 

1139. 


130. 


NOTE: These dispersions are indicative of 3o evaluations of the simulated uncertainties. 


1 

i 


DN No. 


TABLE XVI - RSS SUMMARY DATA (Perturbed Navigated State - Actual Perturbed State) 



ALTITUDE 

FT 

DOWN RANGE 
FT 

CROSS RANGE 
FT 

SPFED 

FPS 

FLIGHT PATH 
ANGLE-OEG 

ALTITUDE 

RATE-FPS 

CROSS 

RANGE 

RATE-FPS 

TIME 

SEC 

WEIGHT 

LB 

SSME PROP 
LB 

OKS PROP 
LB 

SR3 SEPARATION 

83. 

147. 

199. 

2.1 

.029 

1.9 

4.4 

5.6 

20734. 

20475. 

- 

MECO 

1892. 

1749. 

4512, 

6.3 

.023 

10.0 

23.5 

4.6 

4163. 

4346. 

- 

NOMINAL MECO + 25 SEC 

2133. 

1940. 

5088. 

6.5 

.022 

10.7 

23.3 

.0 

1215. 

- 

0. 

INSERTION 

4409. 

4322. 

10489. 

8.2 

.021 

10.4 

21.1 

5.0 

1168. 

- 

56. 

NOMINAL INSERTION 
♦ 25 SEC 

4631. 

4617. 

11002. 

8.4 

.021 

9.7 

20.7 

.0 

1168. 

- 

56. 

10 SEC PRIuR TO 




• 








ENO-CE NOMINAL 
COAST 

21057. 

66143. 

12734. 

19.2 

.021 

14.1 

19.0 

.0 

1168. 

- 

56. 

ENO'OE NOMINAL 
DE-ORSIT E'JRN 
+ 25 SEC 

20C04. 

69695. 

14818. 

19.2 

.021 

9.4 

16.5 

.0 

1139. 

- 

130. 

10 MIN PRIOR TO 



• 

• 







• 

NOMINAL ENITRY 

interface 

20679. 

70948. 

15492, 

19.2 

.021 

9.1 

15.6 

.0 

1139. 

- * 

130. 

ENTRY INTERFACE 

16675. 

866C8. 

20255. 

15.4 

,027 

11.6 

1.0 

4.4 

1139. 

- 

130. 


NOTE; 


These dispersions are indicative of 3o evaluations of the simulated uncertainties 
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TABLE XVII 

Principal Error Contributors To Covariance Matrix at MECO 


State Vector 
Component* 

u 


V 


w 


u 

V 


w 


Principal Error Sources 

Platform misalignment (tilt), and 
accelerometer input axis misalignment 
toward spin axis (X). 

Web action time, orbiter thrust and 
external tank propellant loading. 

Platform misalignment (azimuth and roll) 
and accelerometer input axis misalign- 
ment toward output axis (Y). 

Web action time and orbiter thrust. 

Platform misalionment (tilt), accelerometer 
bias (Z), accelerometer scale factor (Z) 
and accelerometer input axis misalignment 
toward output axis (Z). 

Platform misal ignment (azimuth). 


♦Both the actual and navigated state vectors. 
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TABLE XVIII 

Principal Error Contributors to Covariance Matrix 
at Entry Interface 


State Vector 
Component* 

u 


V 


w 

u 


V 


w 


Principal Error Sources 

Platform misalignment (tilt), accelerometer 
bias (Z), and accelerometer scale factor (Z) 

Platform misalignment (tilt), accelerometer 
bias (Z), accelerometer scale factor (Z) 
and accelerometer input axis misalignment 
toward output axis (Z) 

Platform misalignment (azimuth) 

Platform misal ignment (tilt), accelerometer 
bias (Z), accelerometer scale factor (Z>) and' 
accelerometer input axis misalignment 
tov/ard output axis (Z) 

Platform misalignment (tilt), accelerometer 
bias (Z) and accelerometer scale factor (Z) 

Platform misalignment (azimuth) 


*Both the actual and navigated state vectors. 



ON No. 


TABLE XIX 


' 


i 




PEG and GLT Comparison for Orbiter ISP Uncertainty 
(Actual Perturbed Orbit - Nominal Orbit) 



Argument of 

Flight Path 

True Anomaly 

Descending 

Apogee 

Perigee 


Perigee (Deg) 

Angle (Deg) 

(Deg) 

Node (Deg) 

(Ft) 

(Ft) 

GLT 







MECO 

.08 

.003 

-.08 

-.00002 

287. 

-203. 

Begin Insertion Burn 

.09 

.003 

-.11 

-.00002 

341. 

-216. 

Insertion 

-.47 

.002 

.43 

-.00005 

-243. 

-450. 

10 Sec Prior to End of 
Coast 

-.47 

-.003 

.49 

-.00004 

43. 

-447. 

Deorbit +25 Sec 

.30 

.004 

-.28 

-.00006 

-1727. 

-1787. 

PEG 







MECO 

-.30 

-.009 

.28 

-.00079 

-1013. 

2507. 

Begin Insertion Burn 

-.38 

-.011 

.36 

-.00090 

-1236. 

2763. 

Insertion 

1.57 

-.009 

-1.58 

-.00094 

-1 . 

1568. 

10 Sec Prior to End of 
Coast 

1.57 

.008 

-1.50 

-.00093 

3. 

1564. 

Deorbit + 25 Sec 

-.90 

-.015 

.95 

-.00028 

5050. 

5264. 










